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scopic torque in the manner of the Sperry ship's stabiliser described in
Section II. The gyroscope, or gyroscopes, are used to define two or
more reference lines or axes, to detect any angular movement of the
aircraft away from these reference lines (see Fig. Ill, 1) and to control
a servo-mechanism which operates the aircraft's controls, as the human
pilot would under similar conditions. The gyroscope therefore provides
a "brain" for the automatic pilot (see Chapter 5) but it does not provide
"muscles." For the latter, the weight of the gyroscope required would
be prohibitive on aircraft, and in addition, the direction of the reference
lines defined by the gyroscope would be changed by the precession
caused by the torques imposed on the gyro.

The human pilot controls an aircraft with an accuracy which depends
on his individual experience and skill as a pilot. In general, the accuracy
of control achieved depends on the pilot's ability to interpret correctly,
with the aid of the various instruments, the angular and linear motion
of the aircraft during a disturbance. For accurate control, that is, for
a minimum change in attitude under any conditions of flight, it may be
necessary for an automatic pilot to take note of the amount, velocity
and acceleration of any angular disturbance and also of the aircraft's
airspeed and linear acceleration. In most existing designs of automatic
pilot, because of the otherwise complex nature of the control apparatus,
only angular disturbances of the aircraft are considered, and the necessary
measurements are made entirely by gyroscopic means. On future
apparatus, as with a modern German auto-pilot described in Chapter 5,
it may be desirable to include terms of linear motion, and possibly terms
of height or of barometric pressure.

Under manual control, if the aircraft yaws the pilot applies rudder
and/or aileron control, and in doing so he takes account of the rate of
the yaw as shown by the turn indicator, and he returns the aircraft to
its original course as shown by the directional gyro. Control about the
other two axes is similar, except that no indication of rate is normally
provided.

In an automatic pilot the vertical axis and two horizontal axes are
defined by gyroscopic means, any of the arrangements shown in Fig.
III. 2 being used. For example, the directional gyro and the gyro-
vertical may be used, but instead of their providing a visual indication,
the relative movement between gyroscope and aircraft is detected mech-
anically and used to set in motion a motor coupled to the appropriate
control surface, viz., rudder, elevator or aileron.

The angle through which the control is moved for a given disturbance
is regulated by a follow-up system which progressively removes the
motive power as the control is operated. (The gearing or ratio of the
follow-up is usually made adjustable to suit the aerodynamic character-
istics of different aircraft.) As the aircraft returns to its original attitude
under the action of the control the motor operates in the reverse direction
and progressively reduces the control to zero. The aircraft, however,
overshoots its original attitude, that is, its alignment with the axis defined
by the gyroscope. This results in a damped oscillation of the aircraft
about the aligned position. The character of the oscillation, w|uch is
actually the sum of a long and a short period motion, and the damping
vary with individual aircraft. It is desirable, however, that the oscilla-
tions should be critically damped,
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